BACKGROUND: Visceral adipose tissue is associated with increased risk for cardiovascular disease risk factors and morbidity from cardiovascular diseases. Waist measurement and waist-to-height ratio (WHtR) have been used as proxy measures of visceral adipose tissue, mainly in adults. OBJECTIVE: To validate body mass index (BMI), waist circumference and WHtR as predictors for the presence of cardiovascular disease risk factors in children of Greek-Cypriot origin. SUBJECTS AND METHODS: A total of 1037 boys and 950 girls with mean age 11.4 AE 0.4 y were evaluated. Dependent variables for the study were total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholestrol (HDL-C), lowdensity lipoprotein cholesterol (LDL-C), and systolic (SBP) and diastolic (DBP) blood pressure. RESULTS: When children were divided into two groups according to the 75th percentile for BMI, waist circumference and WHtR, all dependent variables had higher mean values in the highest percentile groups in WHtR groups and almost all variables in BMI and waist circumference groups. Adjusted odds ratios for predicting pathological values of cardiovascular disease risk factors were slightly higher for the highest WHtR group for predicting lipid and lipoprotein pathological values and for the highest BMI groups in predicting high blood pressure measurement. Using stepwise multiple regression analysis to explain the variance of the dependent variables, waist circumference was the most signi®cant predictor for all variables both for boys and girls, whereas BMI had the lowest predictive value for the detection of cardiovascular disease risk factors. CONCLUSION: Waist circumference and WHtR are better predictors of cardiovascular disease risk factors in children than BMI. Further studies are necessary to determine the cutoff points for these indices for an accurate prediction of risk factors.
Introduction
Increased weight is associated with higher levels of triglycerides and low-density lipoprotein cholesterol (LDL-C) and lower levels of high-density lipoprotein cholesterol (HDL-C), and at least 75% of hypertension can be attributed to obesity in adults. 1 Lipid abnormalities are related primarily to the amount of visceral fat as measured by computed tomography. 2 However, obese men with low levels of visceral fat were found to have similar lipid levels to non-obese subjects. 2 In children, greater deposition of central fat, as measured by dual X-ray absorptiometry, was associated with less favorable plasma lipid and lipoprotein concentrations, blood pressure and left ventricular mass, 3 but there was no in¯uence of visceral fat, as measured by magnetic resonance imaging, on serum lipids. 4 Nevertheless, dual X-ray absorptiometry and imaging techniques cannot be used for mass screening or in everyday clinical practice. Instead of these methods, a simple, inexpensive and noninvasive method is required for the selection of children for screening for cardiovascular disease risk factors. Body mass index (BMI) is a useful index for the evaluation of obesity. Although in adults a BMI value greater than 28 kgam 2 is associated with a three to four-fold increased risk of ischemic heart disease, stroke and diabetes mellitus, 5 in children there is no de®nition of obesity that relates BMI to health measures. 1 Waist circumference correlates with visceral adipose tissue, 6 ± 8 plasma lipids, lipoproteins and insulin levels 7 better than waist-tohip ratio (WHR) in adults. Waist circumference was also found in children to be correlated with high levels of plasma lipids and lipoprotein levels. 9, 10 Recently, waist-to-height ratio (WHtR) has been validated as a useful predictor of coronary risk factors in adults. 11, 12 The purpose of this study was to compare BMI, waist circumference and WHtR for the prediction of cardiovascular disease risk factors in children.
Subjects and methods
The study included 1987 children (boys 1037 and girls 950), 10 (m 2 ) . Every morning, the scale and stadiometer were calibrated with a standard weight and height, respectively. Waist circumference was measured with a¯exible tape, at the level of the umbilicus, and was recorded to the nearest millimeter. Waist-to-height ratio was calculated as waistaheight.
The inter-observer variability was b0.96 for all measurements.
Pubertal stage
The pubertal stage (breast development and pubic hair in females, genitalia development and pubic hair in males) was recorded according to Tanner classi®cation.
Blood pressure measurement
Blood pressure was measured in the right arm with the child at the sitting position, at rest, with the mercury sphygmomanometer Baumanometer (W.A. Baum, Copiague, New York). The ®rst Korotkoff phase was used to determine systolic blood pressure (SBP) and the ®fth Korotkoff phase to determine diastolic blood pressure (DBP). The mean of three measurements was used for the analysis. The same researcher took all blood pressure measurements.
Lipids and lipoproteins
Blood samples were obtained in Vacutainers after 12 h fasting, before breakfast. All samples were analyzed at the Clinical Chemistry Laboratory of the General Hospital of Nicosia. The samples were analyzed the same day, and since the study lasted for about 8 months, the same stock of reagents was not used for all analyses. All measurements were reproducible and validated by internal (Beringer, local) and external (Murex, international EQAS, WHO) quality control.
Total cholesterol (TC) and triglycerides (TG) were assayed enzymatically (Hitachi 717 analyzer) and HDL-C with a non-immunologic enzymatic reaction. LDL-C was calculated from the Friedewald formula (LDL-C TC 7 (HDL-C TGa5)).
Statistical analysis
The statistical analysis was performed with SPSS for Windows statistical package (SPSS Inc., Chicago, II). Descriptive statistics for physical characteristics and cardiovascular disease risk factors were calculated, both for boys and girls. Differences between genders were calculated with Student's t-test. The dependent variables for this study were the established cardiovascular risk factors (SBP and DBP, and lipids and lipoproteins). Independent variables were the three tested parameters of the study (BMI, waist circumference and WHtR) as well as age, sex and stage of pubertal maturation. Sex was transformed to a continuous variable (0 for female, 1 for male).
The relationships between the various variables (independent, systolic and diastolic blood pressure and lipid and lipoprotein levels) were calculated using partial correlation coef®cients, adjusted for age, sex and pubertal maturation. We used the 75th percentile of our sample independent variables as a cut-off point, to divide the sample into subgroups with high and normal values for the three variables. These cut-off points are shown in Table 1 . Mean ( AE s.d.) values for the dependent variables within these groups were calculated and compared with Student's t-test. Stepwise multiple linear regression analysis was used to test the in¯uence of the independent variables on the variance of cardiovascular risk factors. Odds ratios were calculated according to the independent variables 75th percentile cut-off point, in order to detect the presence of cardiovascular risk factors, after adjustment for age, sex and pubertal maturation. Signi®cance was selected at P values`0.05 for all tests.
Results
Study subjects' characteristics are presented in Table  2 . As it would be expected due to the more advanced pubertal stage for this age (42% of girls were Tanner stage 4 or 5 vs only 9% of boys), girls had higher values of body weight, height and SBP. There is a marginal difference in WHtR, and slight differences for lipid and lipoprotein concentrations between boys and girls.
The partial correlation coef®cient (adjusted for age, sex and pubertal maturation) between systolic and diastolic blood pressure was r 0.699, P`0.001. Similarly the relationships between the independent variables and blood lipid and lipoprotein levels were calculated and are shown in Table 3 and 4, respectively. There is a very strong correlation between the independent variables (BMI vs waist circumference r 0.914, BMI vs WHtR r 0.923, and waist circumference vs WHtR r 0.947, all correlations signi®cant at P`0.001).
Mean values of various cardiovascular disease risk factors in the two groups of children, as they were divided by the 75th percentile cut-off point for BMI, waist circumference and WHtR, are presented in Tables 5 ± 7 respectively. There were statistically signi®cant higher mean values of SBP, DBP, LDL-C and triglycerides in the higher percentile groups of all three independent variables. In girls, the BMI groups Predicting cardiovascular risk in children SC Savva et al had no difference in TC, and the waist circumference groups had no differences in TC and LDL-C. Only the WHtR groups had statistical signi®cant differences in all dependent variables both for boys and girls.
Results of the multiple regression analysis for blood pressure are presented in Table 8 and for lipid and lipoprotein levels in Table 9 . All three independent variables were signi®cant determinants for SBP and DBP. Age was also a signi®cant determinant both for SBP and DBP, whereas sex and pubertal maturation did not prove to be signi®cant predictors. The percentage of the variance of SBP explained was 14.2% by waist circumference, 3.5% by WHtR and 1.8% by BMI. Similarly, for DBP the variance explained was 9.8%, 1.1% and 0.6% respectively.
Waist circumference was also a signi®cant predictor for all lipid and lipoprotein levels except for triglycerides, whereas WHtR was a signi®cant predictor for all but HDL-C. On the other hand, BMI was a signi®cant predictor only for triglycerides. The percentage of variance of the lipid and lipoprotein levels explained by these parameters, however, was low. Thus waist circumference explained 8.8% of HDL-C variance, and 2.8% of TC variance. WHtR explained 3.9% of LDL-C and 1.6% of TC variance and BMI explained 8.4% of the variance of triglycerides.
Using the odds ratio (adjusted for age, sex and pubertal maturation) for the prediction of the presence of cardiovascular disease risk factors, subjects in the Table 9 Stepwise multiple regression analysis models for explaining the variance of blood lipids and lipoproteins. Independent variables were body mass index (BMI), waist circumference, waistto-height ratio (WHtR), age, sex and pubertal stage Predicting cardiovascular risk in children SC Savva et al highest group for BMI had higher risk for high blood pressure measurement and subjects in the highest group for WHtR had the highest risk for high plasma lipid and lipoprotein levels (Table 10 ). Nevertheless the risk for one or another variable was only slightly higher than for the others.
Discussion
The purpose of this study was to compare BMI with waist circumference and WHtR as predictors for the presence of cardiovascular disease risk factors. BMI was chosen because it is the most widely used index for the evaluation of obesity both in adults 1,5 and children. 13 Waist circumference correlates well with visceral adipose tissue in adults. 6 ± 8 Waist circumference and WHtR have been validated in adults as useful predictors for cardiovascular disease risk factors and coronary heart disease. 7, 11, 12, 14 Finally, it has been proposed that one particular advantage of using the waist-to-height ratio might be that unisex action levels could be speci®ed 15 and we hypothesized that this ratio may be useful in children since it takes into account the child's height. Body weight, height and waist circumference are all simple measurements that most physicians can precisely measure, while the same does not apply to other measurements such as the skinfold measurements.
The results of the study indicate that obese children have higher risk for the presence of cardiovascular disease risk factors. Children who exceed the 75th percentile for body mass index, waist circumference and waist-to-height ratio have signi®cantly higher mean values for all cardiovascular risk factors, except for HDL-C, for which mean values were signi®cantly lower (Tables 5 ± 7) . These results are in agreement with other studies that have shown that obesity, by means of increased BMI, is associated with increased risk for the presence of cardiovascular disease risk factors in children. 16, 17 Despite this association, there is no de®nition of obesity in children that relates BMI to health outcomes. 1 A possible explanation for this weakness of BMI is that children and adolescents with similar BMI have large differences in total body fat and percentage body fat. 18 The accumulation of visceral fat has been proven a better predictor for adult morbidity than obesity itself, 2 and there is a correlation of adult changes in adiposity by means of BMI, total body fat and percentage body fat with serum lipids and lipoprotein levels. 19 The use, therefore, of indices that correlate to visceral fat would be more justi®ed.
In particular, in our study children in the highest WHtR percentile group had higher mean values for all six cardiovascular disease risk factors both for boys and girls. Waist circumference and BMI were almost as good as WHtR, except for total cholesterol and LDL-C for which there were no differences in the two percentile groups in girls.
Children in the highest percentile groups for all three indices were at signi®cantly greater risk (unadjusted odds ratio) of having pathological values of cardiovascular disease risk factors. BMI was slightly better than the other two indices for predicting high systolic blood pressure measurement and WHtR was slightly better in predicting increased plasma lipid and lipoprotein levels both in boys and girls, except for total cholesterol where there was no greater risk in either group.
The results of stepwise multiple regression analysis with BMI, waist circumference and WHtR as the independent variables for the explanation of the variance of cardiovascular disease risk factors gave waist circumference as signi®cant predictor for all risk factors, except for triglyceride levels in girls. WHtR was the second most signi®cant predictor since it explained SBP, DBP, TC, LDL-C and triglycerides. Finally, BMI could predict only SBP and DBP and triglycerides. The percentage of the variance of the dependent variables explained by these indices was, however, low. As mentioned before, because of the simplicity and reproducibility of body weight, height and waist circumference measurements, we included them in the analysis, and we did not include less reproducible measurements, such as the skinfold thickness (which might substantially improve the regression models). The explanation of the variance of blood pressure was higher with waist circumference and lowest for BMI. Waist circumference was also the better predictor of the variance of TC and HDL-C, WHtR was the better predictor for LDL-C and BMI was better only for triglyceride levels. The results of this study are in agreement with the observation that simple anthropometric indices of visceral adipose tissue are helpful for predicting the presence of cardiovascular risk factors in adults and children. 7,9 ± 12 Waist circumference and waist-toheight ratio were proven to be better predictors than BMI. Although waist circumference has been validated as a useful predictor for cardiovascular disease risk factors in children, 9, 10 we also validated waist-toheight ratio in this study, since it takes into account a child's height, whereas a single cut-off point cannot be speci®ed for waist measurement in children as is the case in adults. Expanding these observations further in other age groups could possibly de®ne a single cut-off value for WHtR, which will highlight children in high risk groups for cardiovascular disease risk factors.
In conclusion, the results of the present study indicate that waist circumference and waist-to-height ratio are better predictors for the presence of cardiovascular disease risk factors than BMI in children. BMI seems to be useful for the prediction of high blood pressure measurement in children but does not help in the prediction of lipid and lipoprotein plasma levels. Further studies are necessary to extend these ®ndings in other age groups and to determine precise cut-off points for these indices for an accurate prediction of the presence of cardiovascular disease risk factors.
